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DEVICE FOR CALIBRATING A PRESSURE
DETECTOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority based on International
Patent Application No. PCT/FR02/00544, entitled “Device
For Calibrating A Pressure Detector, Praticularly an Infra-
sonic Pressure Detector” by Benoit Alcoverro and Jerome

Laurent, which claims priority of French application no. 01
02063, filed on Feb. 15, 2001, and which was not published
in English.

TECHNICAL FIELD

The present invention relates to a device for calibrating a
pressure detector.

The invention applies particularly to the calibration of an
inirasonic pressure detector, in other words to the calibration
ol a pressure detector which 1s intended for the measurement
ol inirasonic waves.

The invention applies more particularly to the calibration
of a pressure detector intended for the measurement of

inirasonic waves with frequencies 1n the mterval from 0.001
Hz to 100 Hz.

PRIOR ART

Pressure detector calibration 1s necessary to ensure the
validity of the measurements taken with such a detector.

It 1s known that an absolute pressure detector 1s calibrated
by applying a known static pressure to this detector, using a
pump, and that the value of this pressure 1s measured by
means of a precision pressure gauge which 1s connected to
the detector. Such a pressure gauge 1s commercially avail-
able for example from the Keller Company.

Such technology allows only the sensitivity of the pres-
sure detector to be known with acceptable precision; it does
not allow the amplitude and phase response of the detector
to be verified.

Moreover, this technology cannot be used for a differen-
t1al pressure detector, a detector that does not measure static
pressures.

In that case, generally speaking, means are used to
generate a sinusoidal pressure with the frequency located 1n
the estimated detector bandwidth. The detector 1s made to
communicate with a closed enclosure and the air contained
in this enclosure 1s compressed using a piston, which 1s
driven with an alternating movement by electromechanical
means.

The amplitude of the pressure so generated 1s not as
precise as the amplitude of the static pressure generated for
the purpose of calibrating an absolute pressure detector since
the sensitivity to variations 1n atmospheric pressure and to
variations in temperature 1s no longer negligible for frequen-
cies below 1 Hz.

Moreover, 1t 1s very diflicult to know exactly the ratio of
the volume displaced by the piston to the volume of the unit
tformed by the calibrating device and the quiescent detector.

It 1s therefore diflicult to know accurately the pressure
applied.
Additionally, the masses of the moving mechanical com-

ponents are likely to restrict the bandwidth of this type of
calibration device 1n the high frequency domain.
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The technologies that have just been described do not
make 1t possible to characterise completely, with the
required precision, an inifrasonic pressure detector.

DISCLOSURE OF THE INVENTION

One purpose of the present invention 1s to overcome the
previous drawbacks and to propose a calibration device that
1s valid both for an absolute pressure detector and for a
differential pressure detector.

The mvention seeks in particular to verity the dynamic
response of an (absolute or differential) pressure detector,
this detector being intended for the measurement of infra-
sonic waves by measuring the transfer function of this
detector 1n a frequency range from 0.001 Hz to 100 Hz.

To be precise, the subject of the present invention 1s a
device for calibrating a pressure detector, this device being
characterised in that 1t includes measurement means pro-
vided to apply to this detector a reference pressure which
varies depending on time and all of whose spectrum com-
ponents covering a predetermined frequency range are
excited simultaneously with one and the same amplitude and
a zero phase shift, or a constant delay, relative to each other.

The device that 1s the subject of the invention may be
provided for the calibration of an absolute pressure detector
or for the calibration of a differential pressure detector.

r

T'his detector 1s for example intended for the measurement
of infrasonic waves. In this case, the predetermined fre-
quency range 1s preferably from 0.001 Hz to 100 Hz.

According to a preferred embodiment of the device that 1s
the subject of the invention, the measurement means
include:

a first enclosure intended to be connected to the pressure
detector,

a membrane having first and second surfaces, the first
enclosure being sealed by means of the first surface,

an electro-dynamic motor intended to displace the mem-
brane so as to generate the reference pressure 1n the first
enclosure, and

control means intended to apply to the electro-dynamic
motor an electrical signal of the pseudo-random type,
the amplitude of which 1s known and which 1s triggered
synchronously.

Preferably the membrane 1s rigid or rigidified.

Additionally, this membrane 1s preferably made imper-
meable.

It 1s also preferable for the device to include a second
enclosure sealed by means of the second surface of the
membrane.

According to a preferred embodiment of the invention,
the control means include:

a reference voltage source, this source being adjustable,

means for the amplification and inversion-amplification
of the voltage supplied by this source, and

means of switching the voltage so amplified and the
voltage so inverted and amplified, these switching
means being intended to apply the pseudo-random
clectrical signal to the electro-dynamic motor.

Preferably, these control means additionally include:

a microphone provided to detect variations in pressure in
the first enclosure,

means for the rectification, {filtering and analogue-to-
digital conversion of the electrical signals supplied by
the microphone, and
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a micro-controller provided to control the reference volt-
age source and the switching means as a function of the
signals so filtered, rectified and converted to digital
form.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood from
reading the description of embodiment examples given
heremnafter, purely by way of example and mm no way
restrictively, with reference to FIG. 1 which 1s a diagram-
matic view ol one particular embodiment of the device that
1s the subject of the mvention.

DETAILED DISCLOSURE OF PARTICULAR
EMBODIMENTS

The device according to the invention, which 1s shown
diagrammatically in FIG. 1, 1s mtended to calibrate an
(absolute or differential) pressure detector 2. This detector 1s
intended for the measurement ol infrasonic waves in the
frequency band from 0.001 Hz to 100 Hz.

It should be noted that the detector 2 may have a narrower
bandwidth than the frequency band, or measurement band,
mentioned above but, 1n the example under consideration,
this detector 1s measured on this frequency band.

The device according to the invention, which 1s shown in
FIG. 1, includes measurement means comprising an electro-
dynamic motor 4 and a light and ngid membrane 6 which 1s
intended to be set 1n motion by this electro-dynamic motor,
the latter being located facing the rear surface of the mem-
brane 6.

The device also includes an enclosure 8, or front enclo-
sure, which 1s sealed by means of the front surface of the
membrane 6.

The pressure detector 2, which 1t 1s required to calibrate,
communicates by means of a pipe 10 with this front enclo-
sure 8.

The device additionally includes a calibrated microphone
12 which 1s anchored into this front enclosure, against one
of 1ts walls, and control means 14, provided to control the
clectro-dynamic motor 4 as a function of electrical signals
supplied by the microphone 12.

Also 1n the figure can be seen means 16 for processing the
signals supplied by the pressure detector 2.

To measure the transfer function of this detector in the
frequency band mentioned above, a reference pressure 1s
applied to the detector 2 all of whose spectrum components,
which cover this frequency band, are excited simulta-
neously, with one and the same amplitude and a zero phase,
or a constant delay, relative to each other.

It should be noted that in displacing the light nigid
membrane 6, the electro-dynamic motor compresses the
closed volume delimited by the front enclosure 8 and by the
acoustic circuits of the pressure detector 2, these acoustic
circuits forming the mput acoustic impedance of the detector
2.

The type of excitation applied to the electro-dynamic
motor 4 1s a pseudo-random electrical signal, of known
amplitude and which 1s triggered synchronously (in other
words the moment 1s known at which the pseudo-random
sequence, mentioned below, 1s started relative to the mea-
surement carried out by the means 16 so as to commit no
error 1n measuring the phase of the detector 2).

This electro-dynamic motor 4 1s a commercially available
loudspeaker including an armature 18, a magnet 20, a
moving coil 22 and the membrane 6, which 1s made integral
with this moving coil.
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This loudspeaker also includes a means 24 for the periph-
eral suspension of the membrane 6, allowing it to be
suspended from the peripheral part of the loudspeaker
armature 18. This peripheral part of the armature 18 1is
anchored to one edge of the front enclosure 8, as can be seen
in the figure, in such a way that the front surface of the
membrane 6 seals this front enclosure, this front surface
being located facing the cavity delimited by the front
enclosure 8.

To restrict non-linearities when the pressure 1s strong, the
membrane 6 1s rigidified by a honeycomb component 28, for
example disk-shaped, which 1s bonded to the front surface of
the membrane 6

Moreover, in order to be able to generate very low
frequencies, the membrane 6 1s made impermeable. To do
this, a rubber membrane 30, disk-shaped for example, 1s
used, which 1s bonded onto the honeycomb disk 28.

This rubber disk 30 covers the peripheral part of the
armature 18 in the example shown. This disk 30 is therefore
included between the loudspeaker 4 and the corresponding
edge of the front enclosure 8 and ensures tightness in
anchoring the loudspeaker 4 onto this corresponding edge of
the front enclosure 8.

In an example not shown of the mvention, the rubber disk
30 1s not used and this tightness 1s provided by an O-ring.

The honeycomb disk 28 1s made of a composite material.
In place of this honeycomb disk, a box-type structure made
of titanium may for example be used.

It 1s preferable for the front cavity 8 to have suflicient
volume, which can be determined by analysing the acoustic
load supplied by the pressure detector, so as to ensure the
insensitivity ol the reference pressure 1n respect of this
acoustic load.

Moreover, to reduce the sensitivity of measurements to
variations in atmospheric pressure, 1t 1s preferable to use
another enclosure 32 forming a rear enclosure, which 1s
closed by means of the rear surface of the membrane 6.

If the loudspeaker were provided with a cover, this cover
would constitute the rear enclosure. However, as 1s generally
the case for commercial loudspeakers, the armature 18
comprises apertures 34 and the rear enclosure 32 1s then
added to the device. The membrane 1s thus included between
the latter and the enclosure 8.

As can be seen, the peripheral part of the loudspeaker
armature 18 1s anchored to one edge of the rear enclosure 32
and the tightness of the connection between the peripheral
part of the armature 18 and the rear enclosure 32 1s ensured
by an O-ring 36.

The volume delimited by the rear enclosure 32 (into
which the electro-dynamic motor has been placed) thus
provides the control of the linearity of the amplitude and
phase response at high frequencies.

The acoustic compliance of the rear enclosure 32 makes
it possible to reduce the apparent acoustic compliance of the
membrane 6 and thus increases its resonant frequency at
constant mobile mass.

A pipe 10 of the smallest possible length 1s used to
connect the pressure detector 2 to the calibration device and
to repel beyond the frequency band any disturbances
induced by the coupling between the detector 2 and the
calibration device.

The resonant acoustic circuit formed by the pipe 10 and
by the 1nside of the pressure detector 2 causes these distur-
bances.

It should be noted that the weaker the acoustic compliance
of the rear enclosure 32, the more the apparent acoustic
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compliance of the membrane 6 1s reduced and the more the
resonant frequency 1s increased.
The control means 14, which are part of the device
diagrammatically shown 1n the figure, include:
means 38 for the rectification and low-pass filtering of the
clectrical signals supplied by the microphone 12,

an analogue-to-digital converter 40 which converts the
analogue signals supplied by these filtering and recti-
fication means 38 into digital signals,
a micro-controller 42 which receives the input digital
signals supplied by this analogue-to-digital converter
40 and a signal S, which 1s for example emitted by a
GPS clock, this signal S being a signal for starting a
pseudo-random sequence about which more will be
said later, this sequence being also measured by the
detector 2 and received by the means 16, and
a power switch 44 which receives mput control signals
supplied by the micro-controller 42,

an adjustable reference voltage source 46 which 1s con-
trolled by the micro-controller 42 and which supplies a
reference voltage 1n analogue form, a digital-to-ana-
logue converter being built into the source 46,

a power amplifier 48 which amplifies this reference

voltage, and

a power inverter-amplifier 50 which inverts the reference

voltage and amplifies the voltage so inverted.

The amplified reference voltage and the inverted and
amplified reference voltage supply the coil 22 of the loud-
speaker 4 by means of the power switch 44 controlled by the
micro-controller 42.

The value of the reference pressure depends on the
reference voltage modulated by the pseudo-random signal
generated by the micro-controller 42. This reference pres-
sure¢ may therefore be adjusted to the required value by
moditying the reference voltage and therefore by modifying,
the pseudo-random signal supplied by the micro-controller
42.

Before each calibration, a signal 1s applied to the loud-
speaker 4 of known amplitude and frequency by means of
the power switch 44.

The calibrated microphone 12 measures this signal in the
upper part of the useful frequency band, this upper part
being, for example, from about 3 Hz to about 50 Hz.

After rectification and low-pass filtering, the measure-
ment voltage supplied by the microphone 12 is the image of
the pressure generated, with an almost constant coeflicient.

The micro-controller then adjusts, as a function of the
rectified, filtered and digitised voltage, the reference voltage
used to generate the electrical signal sent to the coil 22 and
thus to obtain the required pressure, thereby taking into
account the measurement made by the microphone 12.

To obtain the required precision, several sequences of
measurement of the reference pressure may be sent con-
secutively before the pseudo-random measurement
sequence 1s sent, by the micro-controller 42, to the reference
voltage source 46.

The following precisions are introduced to the device
according to the imvention, shown 1n the figure:

the simultaneous excitation of all the spectrum compo-

nents covering the [0.001 Hz; 100 Hz] interval results
from the pseudo-random signal,

the same amplitude of excitation for all these components

results from the tightness of the front enclosure 8 and
from the low value of the volume of the rear enclosure
32,

the zero phase shift of these components relative to each

other during their excitation results from the low value
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6

of the apparent compliance, of the suspension means 24
associated with the rear enclosure 32,

the pseudo-random character of the electrical signal
applied to the electro-dynamic motor results from the
use of pseudo-random sequences to control the switch
44, and

the amplitude of this signal 1s known because 1t 1s fixed by
the reference voltage 46.

Precisions are also introduced to the function of the power

switch:

The latter receives simultaneously a voltage +V from the
amplifier 48 and the voltage -V from the inverter-amplifier
50. As 1t recetves a digital value from the micro-controller,
this allows 1t to provide an analogue voltage proportionate to
this digital value.

Purely by way of indication and i no way restrictively, an
example 1s now given of calibration of an infrasonic detec-
tor. This 1s an MB2000 absolute pressure detector designed
at the French Atomic Energy Commission (CEA) and mar-
keted by the Tekelek company.

To measure the dynamic response of this infrasonic
detector, a loudspeaker 1s used of 30 cm diameter and
with a linear elongation of £5 mm. The enclosures are
made with welded stainless steel sheets, tightness
between the enclosures and the loudspeaker being
provided by the rubber membrane 30 and the O-ring 36,
as has been seen. The volume of the front enclosure 1s
30 dm” and the volume of the rear enclosure is 2 dm”.

The MB2000 infrasonic detector comprises four air inlet
vents 45 mm 1n length. During calibration, three of
these vents are blocked and the fourth, which then
constitutes the pipe 10 (45 mm 1n length in this
example), 1s inserted 1 a sealed way into the front
enclosure of the calibration device.

The reference voltages reaching the power switch do not
exceed, respectively, +50 V and -350 V. This allows
pressures to be generated which may reach 10 hPa with
a linear frequency response from 0.001 Hz up to 80 Hz
and a phase which does not vary by more than 3°.

The reference pressure test sequence 1s carried out with a
square wave with a frequency equal to 10 Hz.

The reference pressure during the test phase 1s measured
with the microphone marketed by the B&K company
with the reference number 4189, whose signal 1s low-
pass filtered at 50 Hz. Precision in measuring the
pressure generated 1s of the order of a few percent.

The 1nvention 1s not restricted to calibration 1n the [0.001
Hz; 100 Hz] frequency band. It also applies to other fre-
quency bands, for example from 0.001 Hz to 500 Hz.

Moreover, the invention 1s not restricted to the calibration
of an infrasonic pressure detector. It also applies to the
calibration of hydrophones.

Additionally, the invention 1s not restricted to the calibra-
tion of an absolute pressure detector. It applies to the
calibration of any pressure detector, particularly to the
calibration of a differential pressure detector, for example a
microphone.

The mvention claimed is:

1. A calibration device comprising:

an enclosure adapted to receive a pressure sensor; and

means for generating a relerence pressure within the
enclosure from an electrical signal, wherein the elec-
trical signal includes simultaneously excited frequency
spectrum components having a substantially same
amplitude, the means for generating further compris-
ng:
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a membrane positioned within the enclosure and config-
ured to partition the enclosure 1nto a first enclosure and
a second enclosure; and

an electro-dynamic motor coupled to the membrane,
wherein the electro-dynamic motor 1s configured to
displace the membrane to generate the reference pres-
sure 1n the first enclosure 1n response to the electrical
signal.

2. The calibration device of claim 1, wherein the excited
frequency spectrum components have a zero phase shiit.

3. The calibration device of claim 1, wherein the excited
frequency spectrum components have a constant delay.

4. The calibration device of claim 1, wherein the pressure
sensor 1s an absolute pressure sensor.

5. The calibration device of claim 1, wherein the pressure
sensor 1s a differential pressure sensor.

6. The calibration device of claim 1, wherein the reference
pressure generated 1s time varying.

7. The calibration device of claim 1, wherein the fre-
quency spectrum components are 1n a frequency range of
and including 0.001 Hz to 100 Hz.

8. The calibration device of claim 1, wherein the second
closure 1s sealed by the second surface of the membrane.

9. The calibration device of claim 1, wherein the means
for generating further comprises:

a voltage source configured to provide a reference volt-

age;

means for providing an amplified voltage from the refer-

ence voltage;

means for providing an mverted amplified voltage from

the reference voltage; and

means for selectively switching between the amplified

voltage and the inverted amplified voltage to produce
the electrical signal to an electro-dynamic motor within
the enclosure.

10. The calibration device of claim 1, wherein the means
for generating further comprises:

a microphone configured to detect variations 1n pressure

in the enclosure and output a signal;

means for filtering the signal supplied by the microphone;

and

means for controlling the reference voltage source and the

switching means as a function of the filtered signal and
a pseudo random signal.

11. A calibration device comprising:

an enclosure adapted to receive a pressure sensor for

calibration;
a membrane positioned within the enclosure and config-
ured to partition the enclosure 1nto a first enclosure and
a second enclosure:

an electro-dynamic motor coupled to the membrane,
wherein the electro-dynamic motor 1s positioned 1n the
second enclosure:; and

means for generating an electrical signal having one or

more frequency spectrum components excited simul-
taneously and having a substantially same amplitude,
wherein the electro-dynamic motor 1s configured to
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displace the membrane to generate a reference pressure
within the enclosure 1n response to the electrical signal.

12. The calibration device of claim 11, wherein the one or
more excited frequency spectrum components of the elec-
trical signal have a zero phase shift.

13. The calibration device of claim 11, wherein the one or
more excited frequency spectrum components ol the elec-
trical signal have a constant delay.

14. The calibration device of claim 11, wherein the
pressure sensor 1s an absolute pressure sensor.

15. The calibration device of claim 11, wherein the
pressure sensor 1s a diflerential pressure sensor.

16. The calibration device of claim 11, wherein the
reference pressure generated 1s time varying.

17. The calibration device of claim 11, wherein the
frequency spectrum components are 1n a frequency range of
and including 0.001 Hz to 100 Hz.

18. The calibration device of claim 11, wherein the means
for generating further comprises:

a voltage source configured to provide a reference volt-

age;

means for providing an amplified voltage from the refer-

ence voltage;

means for providing an inverted amplified voltage from

the reference voltage;

means for selectively switching between the amplified

voltage and the inverted amplified voltage to produce
the electrical signal.

19. The calibration device of claim 11, wherein the means
for generating further comprises:

a microphone configured to detect variations 1n pressure

in the enclosure and output a signal;

means for filtering the signal supplied by the microphone;

and

means for controlling the reference voltage source and the

switching means as a function of the filtered signal and
a pseudo random signal.

20. A method for calibrating a pressure sensor coupled to
an enclosure having a pressure generator device therein, the
pressure generator device including a membrane positioned
within the enclosure and configured to partition the enclo-
sure into a first enclosure and a second enclosure, the
pressure generator device including an electro-dynamic
motor configured to displace the membrane to generate the
reference pressure 1n the first enclosure 1n response to the
clectrical signal the method comprising:

generating an electrical signal having simultaneously

excited frequency spectrum components having a sub-
stantially same amplitude; and

generating a reference pressure within the enclosure from

the electrical signal.

21. The calibration device of claim 11, wherein the
membrane, the first enclosure and the second enclosure 1s
impermeable.
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